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ABSTRACT
The purpose of this investigation was to evaluate whether children with a
hearing loss could perceive the sound differences in the seven games contained
in the demonstration version of the Fast ForWord program, and then,
consequently, determine if this program would be appropriate to use as an
auditory training tool for this population.
Eight children, between the ages of four and nine, with hearing losses
ranging from moderate to moderately severe participated in this study.
Successful completion of the games was determined when the child met the
criterion score of 100 points. The results indicate that children who are hard of
hearing can perceive the sound differences in the seven games at an intermediate
and high volume level. Therefore, this study determined that the Fast ForWord
program could provide children who are hard of hearing loss with the necessary
components of an auditory training regimen.
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CHAPTER I
INTRODUCTION
In the United States, it is estimated that approximately 3 million children
are deaf and hard of hearing (Schow & Nerbonne, 1996). "The child who is hard
of hearing has a loss between 16 and 75 dB HL" (Roseberry-McKibbin & Hegde,
2000, p. 553). Children who are hard of hearing typically acquire speech and oral
language with variability, and consequently, need amplification and auditory
training tasks to develop the auditory perceptual skills necessary for speech and
language development.
"The key elements in auditory development include (1) detection, (2)
discrimination, (3) identification, and (4) comprehension," (Bader, 1997, p. 111).
At the detection level the child knows a sound exists. In the discrimination stage
children learn to identify differences in sounds. "Discrimination allows children
to tell whether the auditory patterns are the same or different," (Bader, 1997, p.
111). The identification level refers to the child's ability to repeat or locate
sounds, and in the comprehension level the child demonstrates an
understanding of the meaning of the sounds. For the purposes of this study, the
main focus will center on speech discrimination in children who are hard of
hearing.
1
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Speech discrimination tasks date as far back as the early 1900s.
Historically, most speech discrimination tasks used for children who are hard of
hearing require them to listen to series of word lists. Several of these tasks are
often presented live voice, do not keep the attention of young children, and do
not contain age appropriate words for children. This leaves researchers,
audiologists, and speech-language pathologists searching for ways to make
speech discrimination tasks more interesting for children who are hard of
hearing.
Fast ForWord, a computer software program containing seven games, was
introduced in 1996. Fast ForWord "uses computer games to train specific
auditory or phonological skills that have been related to the acquisition of speech
and language" (Veale, 1999, p. 353). The program contains acoustically modified
speech that trains children between the ages of five to twelve to discriminate
subtle sound differences.

However, to date, this program has only been used

with language learning impaired children as a way to improve language
decoding skills. Based on the nature of the games and the sound discrimination
tasks contained in the Fast ForWord program, it seems logical that it could be
used as an auditoiy training tool for children who are hard of hearing.
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Statement of Purpose
Children who are hard of hearing have long undergone auditory training
tasks to improve their auditory perception and discrimination skills. Finding
interesting and motivating speech discrimination tasks for children can be
challenging for audiologists and speech-language pathologists. The Fast
ForWord program offers games containing sound discrimination tasks that are
fun, enjoyable, and rewarding for children.
Therefore, the purpose of this study is to evaluate the appropriateness of
the Fast ForWord program as an auditory training tool for children who are hard
of hearing. Furthermore, this investigation will also focus on what volume level
is appropriate to use with the child who is hard of hearing based on their hearing
level.
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CHAFFER n
REVIEW OF RELATED LITERATURE
Children who are hard of hearing typically show delays in their speech
and language development due to the difficulties they experience in perceiving
and discriminating sound. Children who are hard of hearing may spend hours
of training to discriminate speech sounds that their auditory system is receiving.
To further understand the auditory system, the nature of a hearing loss, and the
effects a hearing loss can have on speech and language development, it is
essential to have an understanding of the anatomical structures responsible for
the interpretation of sound.
Anatomy & Physiology of the Ear
The peripheral auditory system consists of tire outer ear, the middle ear,
the inner ear, and the auditory nerve. The outer ear is composed of the auricle
and the external auditory canal. The auricle, the most visible part of the ear,
funnels the sound to th; ear canal and helps localize sound. The external
auditory meatus, also called the ear canal, is a muscular tube about 25 mm long
and 7 mm wide (Naidoo & Feth, 1995, p. 5). The ear canal resonates the sound
that enters it and "resonates best at a frequency of about 4000 Hz" (Zemlin, 1998,
p. 439).
4
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As the sound travels, it reaches the tympanic membrane, tire starting point
of the middle ear. The tympanic membrane vibrates in response to the sound
pressure received from the external auditory meatus.

"The transformation

occurs primarily through two mechanisms. First, the ratio of the area of the
tympanic membrane to the area of the stapes footplate (17:1) amounts to an
increase of approximately 25 dB in sound pressure within the middle ear.
Second, the lever action of the malleus and the incus (1.3:1) is equivalent to a
small but important increase of 2 dB in sound pressure" (Naidoo & Feth, 1995, p.
7).
The sound has now entered the middle ear, which is an air filled cavity.
The middle ear consists of the tympanic membrane, the tensor tympani muscle,
the stapedius muscle, the ossicular chain, and the eustachian tube.
The sound vibrations of the tympanic membrane reach the first and
largest bone of the ossicular chain, the malleus. "The maBeus, which resembles a
hammer, is embedded in the tympanic membrane, therefore the vibrations of the
tympanic membrane are transmitted to the malleus" (Roseberry-McKibbin &
Hegde, 2000, p. 542). The vibrations are conducted through the remaining two
bones of the ossicular chain, the incus and then the stapes, and finally the
vibrations reach the oval window.
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The muscles of the middle ear help to dampen the vibrations of the
tympanic membrane and the ossicular chain. The stapedius muscle stiffens the
ossicular chain and the tensor tympani muscle tenses the tympanic membrane to
reduce the vibrations (Roseberry-NicKibbin & Hegde, 2000, p. 543).
The oval window is a small opening that leads to the inner ear. It is
through the movement of the footplate of the stapes in the oval window that the
inner ear receives the sound vibrations.
The inner ear is a complex structure. The inner ear consists of a system of
interconnecting tunnels, called labyrinths, which are filled with a fluid called
perilymph. Structures housed in the inner ear include the organ of Corti, the
cochlea, and the basilar membrane. The organ of Corti, located in the cochlea, is
the organ essential for hearing. The cochlea, a bony, snail shaped structure,
measuring 1.5 inches in length, is filled with endolymph. When the oval
window membrane is set into vibration, a pressure wave begins within the fluids
of the cochlea. This pressure wave sets the basilar membrane into motion.
The basilar membrane moves up and down in response to the wave from
the sound signals. "The width and the stiffness of the basilar membrane are two
characteristics that determine the point of maximum displacement for any
incoming sound. The basilar membrane is narrower and stiffer at the base and
wider and more compliant at the apex of the cochlea, hence this structure
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responds to low frequencies more efficiently at the apex, whereas a highfrequency sound causes maximum displacement at a point near the base of the
basilar membrane" (Naidoo & Feth, 1995, p. 15). The frequency is heard at the
point of maximum displacement
The vibrations of the basilar membrane, in response to sound, cause a
shearing movement of the hair cells within the organ of Corti. This causes
displacement of the hair cells. These hair cells consist of inner hair cells and
outer hair cells. The human ear has about 3,500 inner hair cells and about 13,500
outer hairs cells (Zemlin, 1998, p. 474-475).

Embedded in the inner hair cells are

stereocilia, or sensory cells. "The basal end of each inner hair cell is in contact
with nerve endings and supportive cells. The arrangement of the stereocilia on
both the inner and outer hair cells suggests that they respond to a lateral
shearing movement" (Zemlin, 1998, p. 474-475).

"When the stereocilia are

displaced toward the tallest cilia, an excitatory process is triggered within the
outer hair cells" ((Naidoo & Feth, 1995, p. 16). An electrical energy or impulses
are produced from the force of the mechanical vibrations on the structures within
the organ of Corti. The electrical impulses then stimulate nerve endings. The
transformation of the mechanical vibrations into an electrical impulse is an
essential process of the sound interpretation because the brain can only respond

1SKJ%

to electrical impulses, not mechanical vibrations.
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The electrical impulses are carried to the brain by the acoustic nerve, also
called cranial nerve VIIL The acoustic nerve consists of a bundle of neurons with
two branches: the vestibular branch and the acoustic branch. "The nerve endings
of the acoustic nerve are in contact with the hair cells to pick up the sound
vibrations that are transformed into neural impulses. Approximately 30,000
nerve fibers of the auditory nerve exist in the cochlea" (Roseberry-McKibbin &
Hegde, 2000, p. 545). The auditory nerve exits the inner ear and carries the
impulses through the internal auditory meatus to the brain stem. Once the signal
reaches the brain stem, most of the auditory nerve fibers cross over to the
opposite side, forming contralateral pathways, while other nerve fibers remain
on the same side and form ipsalateral pathways. "This cross over of signals
allows the brain to compare the sounds received from each of the two ears. It
helps the brain localize and interpret sounds" (Roseberry-McKibbin & Hegde,
2000, p. 545).
Finally, the acoustic nerve fibers move through the brainstem and carry
the sound to the temporal lobe of the brain, which contains the primary auditory
area. The temporal lobe then receives and interprets sound.
Sensorineural Hearing Loss in Children
Damage to the inner ear, particularly to the hair cells of the cochlea or to
the acoustic nerve, is permanent and will cause a disruption in the process of the
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brain receiving and interpreting the sound. The hair cells and the acoustic nerve
are not repairable and, consequently, the permanent damage results in a
sensorineural hearing loss.
"A sensorineural hearing loss is characterized by elevated puretone
thresholds and reduced speech recognition " (Henderson et al, 1994, p. 37).
Hegde (1995) categorizes the ranges of hearing loss as follows: a mild hearing
loss ranges from 16 to 40 dB HL, a moderate hearing loss ranges from 41 to 55 dB
HL, a moderately severe hearing loss ranges from 56 to 70 dB HL, a severe
hearing loss ranges from 70 to 90 dB HL, and a profound hearing loss is anything
greater than 90 dB HL (p. 428). A child with a sensorineural hearing loss will
display a hearing level in any of these ranges.
A sensorineural hearing loss in a child may be caused by many factors,
such as prenatal causes during pregnancy, ototoxic drugs, noise, birth defects,
and viral and bacterial diseases.
A sensorineural hearing loss in a child may cause several difficulties,
particularly in the child's speech and voice. This is due to the decreased
functioning of the inner ear, which results in a reduction of the internal feedback
loop to the extent that the child is unable to monitor their own speech and voice
patterns normally (Katz & White, 1992, p. 23). Because of this, the child
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with a sensorineural hearing loss may speak louder, have reduced vocal
inflection and quality, and demonstrate articulation disorders.
Language may also be affected in children with a sensorineural hearing
loss. "Children who are born with a hearing loss or who acquire a hearing loss
before 3 years of age are at a high risk for language problems" (Davis, 1995, p.
339). Language difficulties may range from mild to severe delays. The severity
of the impact of the problems with speech, voice, and language is dependent on
the onset of the loss, the degree of the loss, and the duration between the loss and
the appropriate intervention.
Another effect of a sensorineural hearing loss is that children with a
sensorineural hearing loss typically experience difficulty in their ability to
discriminate speech. However, children with a mild to moderate loss tend to
have no problems in their ability to distinguish between low frequencies.
Nevertheless, Thompson and Hoel (1962) showed a direct relationship between
hearing level and speech discrimination ability (p. 284-285). These researchers
found that people with hearing levels of 40-19 dB and greater demonstrated a
drop in speech discrimination scores (Thompson & Hoel, 1962, p. 284). "For
children with audiograms in the 70 to 90 db hearing level range, however, there
are large individual differences in frequency discrimination, ranging from nearly
normal to moderately poor discrimination ability" (Erber, 1982, p. 18).
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Many children with a moderate to severe hearing loss "seem unable to
accurately perceive the frequency location of vowel formants, and so misidentify
vowels produced in neighboring articulatory positions" (Erber, 1982, p. 21). For
example, a child may have difficulty distinguishing between the vowels in the
words: tin, team, and ten.
Furthermore, consonant discrimination is an area of challenge for children
who are hard of hearing. "Children with more severe impairments often confuse
voiced stops and fricatives with one another and similarly confuse their voiceless
counterparts" (Erber, 1982, p. 21). This may be evidenced in the child's ability to
discriminate b e tw e e n /ta / a n d / d a / , / f a / a n d / v a / , o r / b a / a n d / v a / .
As mentioned previously, children who are hard of hearing often have
poor frequency discrimination abilities. Despite this, the child who is hard of
hearing can be trained to recognize changes in speech intensity or changes in the
loudness of the speech sound.
"Fo r children with sensorineural hearing loss, treatment usually involves
the use of amplification systems and placement in intervention programs"
(Dalebout, 1995, p. 58). Children who are hard of hearing typically undergo
auditory training, particularly in a program containing discriminatory tasks, to
accurately perceive the speech signal. In the end, a child's ability to produce
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intelligible speech and correctly use language greatly depends on their ability to
perceive the correct sound signal.
Auditory training
Since the 1930s, auditory training has been a common intervention
strategy recommended for individuals with auditory impairment. Auditor}'
training is described as "the creation of special communication conditions in
which teachers and audiologists help children who are hearing impaired acquire
many of the auditory speech-perception abilities" (Erber, 1982, p. 1). "The goal
of auditory training for persons who have hearing loss is to develop their ability
to recognize speech using the auditory signal and to interpret auditory
experiences" (Tye-Murray, 1998, p. 160).
To many educators of cliildren who are hard of hearing, auditory training
consists of "obtaining audiometric information, providing appropriate hearing
aids, maintaining the amplification apparatus in good condition, and
communicating through speech (audiovisually) with the child at all times"
(Erber, 1982, p. 1). However, not all children with a hearing loss develop a
strong ability to perceive and discriminate among speech sounds as well as
monitor their own speech through this incidental method of training. Typically,
children with auditory impairments need direct intervention to help them
further develop their speech recognition and discrimination abilities. In addition
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to the direct method of auditory training, speech and language intervention is
typically needed to improve the deficits that are associated with the hearing loss.

"tConsideration and examination of speech and language skills is considered vital
in planning to identify and train the child with auditory perception problems"
(Reagan, 1973, p. 29). In many cases, the speech and language intervention and
auditory training are completed simultaneously.
To aide in the intervention process, speech discrimination materials were
first developed at the beginning of the 20th century and have continued to
evolve through the years. "The development of modern speech intelligibility
tests is associated with the work of Fletcher and Steinberg (1930) at the Bell
Telephone Laboratories" (Penrod, 1994, p. 151). They developed five lists of 50
items to assess the listener's speech understanding ability, not their intelligence.
Following the development of Fletcher and Steinberg's word lists, several
other speech discrimination tests were created, such as the PAL PB-50 word lists,
the CID W-22, the Northwestern University Auditory Tests Numbers 4 and 6, the
California Consonant Test, the Modified Rhyme test, the Multiple Choice
Discrimination Test, the Distinctive Feature Discrimination test, and the Word
Intelligibility by Picture Identification Test, to name a few. Several of these tests
contained phonetically balanced word lists that were created to meet the
following criteria: "monosyllabic words, equal average difficulty, range of

The m i cr og ra ph ic images on this fi lm are ac cu ra te reproductions of records de li ve re d to Mo de rn Information S y stems for microfilming end
were fi lm ed in the regular course of business. The photographic process meets standards of the Am er i c a n National Standards Institute
(ANSI) for archival microfilm.
NOTICE:
If the filmed image above is less legible than this Notice, it is du e to the qu al it y of the
document b e i n g filmed.

Op e r a t o r s Signature

Date

14

difficulty and phonetic composition for each list, as well as representative of
English speech, using words in common usage" (Penrod, 1994, p. 151).
Phonetically balanced words were used so that the "spread of difficulty was
approximately the same from list to list and that nearly the same average
difficulty was present in each list" (Penrod, 1994, p. 151).
Today, several methods of auditory training are used to teach the child to
perceive and discriminate among sounds. Such methods include speech reading;
cued speech; oral language training; speech, rhythm, and voice training; and the
use of auditory trainers and computer software.
To start with, "speech reading, or lip reading, is the process of
understanding speakers by means of watching the movements of the lips,
tongue, jaw, and face" (Berger, 1972). However, speech reading training can be
difficult and there are several factors that hinder a person's ability to accurately
read speech. "Some factors that may compound the speech reading task include
partial visibility or nonvisibility of many speech sounds on the face, the rapidity
of speech, coarticulation, the visual similarity of many sound groups, and talker
eccentricities" (Tye-Murray, 1998, p. 211).
Next, oral language and cued speech training are typically used with
children who are deaf. For instance, oral language training is used to stimulate
language development "Cued speech requires a speaker to provide,
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simultaneously with the spoken message, a variety of hand cues to resolve the
ambiguity of speech reading. It consists of four hand positions and eight hand
configurations" (Ling, 1986, p. 26)
Additionally, speech, voice, and rhythm training provide the child with
visual cues to improve their speech sound productions, any voice abnormalities
that the child may have, or any rhythm errors such as intonation, flow of speech,
or stress (Roseberry-McKibbin & Hegde, 2000, p. 588).
Another method used to provide auditory training is through the use of
an amplification system specifically designed to improve the signal to noise ratio.
This means the level of the signal is amplified in comparison to the level of the
background noise. The speaker wears a microphone, and from there the speech
is amplified and transmitted to a receiver (Roseberry-McKibbin & Hegde, 2000,
p. 585). The listener receives the amplified signal through a variety of means
including headphones, speakers, body aids, or book bags. The signal can be
delivered on an individual basis or to an audience such as a classroom. A variety
of auditory trainer styles are available; these styles include a hard wire system,
an induction loop system, a desktop system, an FM system, an infrared system, a
desktop FM system, and a classroom based trainer. These auditory training
systems are used in therapy sessions to amplify the sound so the child can
improve their ability to perceive and discriminate between sounds.
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Recently, computer software has been designed for use as an auditory
training tool for people who are hard of hearing. Computer-based auditory
training tasks provide a consistent presentation level, structured auditory
stimuli, and auditory discrimination tasks. Several of the auditory
discrimination tasks used in the computer programs employ activities where the
individual selects which word was different when presented with two alike
words and one different word, or the individual must identify if the two
successive items they heard were the same or different (Tye-Murray et al, 1990,
p. 29). In 1994, Lansing and Bievenue found several advantages to incorporating
computer-based drills into aural rehabilitation protocols. Such advantages
included "increasing the students ability to extract useful auditory and visual
cues for speech recognition, enhancing the student's attention for speech cues,
and reducing the demands on the teacher or the clinician" (Lansing & Bievenue,
1994, p. 47). These researchers also concluded that "the computer can keep track
of: missed items, their position within a list of items, the review schedule, the
complicated interaction of repeated missed items with a review schedule, and
the retirement criteria" (Lansing & Bievenue, 1994, p. 47). The use of computer
software for auditory training can provide consistent signals to the listener,
practice with discrimination tasks, and provide opportunities for increased
learning.
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Many of the auditory training techniques commonly used today are
rooted in the foundations of Norman Erber's techniques (Tye-Murray, 1998, p.
162). He based his auditory training techniques on the auditory development
continuum: (1) detection, (2) discrimination, (3) identification, and (4)
comprehension. He believed "the first consideration in designing an auditory
training curriculum pertains to the person's hearing abilities" (Tye-Murray, 1998,
p. 164).
In the first stage of auditory development, detection or sound awareness,
the child is aware when a sound is present and when it is n o t Activities used to
assess awareness may include playing peek-a-boo or playing musical chairs. If
the child is aware of sound, their training will progress to the next stage, sound
discrimination. "Sound discrimination is a basic auditory skill level in which the
listener is able to tell whether two sounds are different or the same" (TyeMurray, 1998, p. 165). Techniques used to train sound discrimination include
playing games with toy animals that make different sounds, responding to
different commands, repeating what the child hears, or simply playing a same or
different game (Tye-Murray, 1998, p. 165).
When the child can accomplish this task, they progress to the sound
identification stage. "Identification is a basic auditory skill level in which the
listener is able to label some auditory stimuli" (Tye-Murray, 1998, p. 166).
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Auditory activities used at this stage require the child to listen for names. For
example, this may include activities that include the commands "show m e ___ "
or "give m e ___
The final and most difficult stage for a child with an auditory impairment
is the comprehension stage. "Comprehension is a higher auditory skill level in
which the listener is able to understand the meaning of spoken messages" (TyeMurray, 1998, p. 166). Activities used to train the child at this stage require the
child to listen to sentences and stories and demonstrate meaning of the sounds
they heard.
Several modalities are used when training a child to discriminate between
sounds; these include auditory, visual, and auditory-visual recognition
techniques. In 1972, Erber presented the consonants /b , d, g, k, m, n, p, t / to
normal-hearing, hearing-impaired, and profoundly deaf children through
auditory, visual, auditory-visual modalities. He found:
"Through lipreading alone, all three groups were able to discriminate
between the places of articulation but not within each place category
(bilabial, alveolar, velar). When they received acoustic information only,
normal hearing children recognized the consonants nearly perfectly, and
severely i><

0 im p act.;

ildren distinguished acciuatcv between

voiceless plosive, voiced plosives, and nasal consonants; the scores of the
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profoundly deaf children were low. Both the normal hearing and the
severely hearing-impaired groups achieved nearly perfect scores through
simultaneous auditory-visual reception; the profoundly deaf children
scored slightly higher through their ability to lipread. (p. 413)"
Several other investigations, including another by Erber and Hack (1982), have
found that individuals with a hearing impairment are able to perceive speech
better when presented with audiovisual modalities than through auditory or
visual modalities alone (p. 100).
However, other studies have shown success in an individual's ability to
accurately perceive the speech signal with the auditory modality alone. In 1970,
Bode and Oyer investigated the effects of a short-term, concentrated auditory
training regimen involving 32 adults with a mild sensorineural hearing loss (p.
840). The researcher's main concern was to study the "effects of auditory
training on the discrimination of speech delivered at the level of average speech,
72 dB SPL" (Bode and Oyer, 1970, p. 844). The subjects were presented only with
auditory stimuli through the use of the W-22 Test, the Rhyme Test, and the SemiDiagnostic T est Pre and post testing indicated that "the training procedures
resulted in a generally positive increase in speech discrimination performance; in
two out of the three speech discrimination tests used, a statistically significant
gain was noted" (Bode and Oyer, 1970, p. 847).
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Rubinstein and Boothroyd (1987) also observed a small, but statistically
significant increase in speech recognition performance subsequent to training (p.
153). "Listening exercises and consonant-recognition drills were all performed
with the subjects wearing their own hearing aids but without the benefit of
visual cues. Training was performed by live voice, with the exception of one
portion in which an audio tape was used" (Rubinstein and Boothroyd, 1987, p.
155). This study also found that the gains made were not lost after one month
following the end of the training.
All in all, auditory training has been proven to be an effective method of
improving an individual's ability to perceive speech sounds. Most auditory
training curricula, regardless of the modality through which the individual is
being trained, are designed to progress a student from one stage of auditory
development to the next stage. To further enhance the nature of auditory
training, a program should include tasks that contain consistent, unchanging and
structured auditory stimuli. The child who is hard of hearing must be provided
with constant auditory stimulation in order to accurately perceive and
discriminate sounds. Recent developments in computer based auditory training
techniques may ’

the answer to this problem. A new computer program called

Fast ForWord provides children with a consistent presentation level, structured

The m i cr og ra ph ic images o n this fi l m are ac curate reproductions of records de li ve re d t o Mo de rn Information Systems for microfilming and
we re fi lm ed in the re gular course of business. The photographic pr ocess meets standards of the Am er i c a n National Standards Institute
(ANSI) for archival microfilm.
NOTICE:
If the filmed image above is less legible than this Notice, it is du e to the qu al it y of the

document being filmed.

Operator's Signature

Date

21

auditory stim uli and age appropriate games that are claimed to maintain the
child's attention, motivation, and cooperation. Although Fast ForWord has yet
to be researched as an auditory training tool for children who are hard of
hearing, the program may be able to offer the consistency needed when training
a child with an auditory impairment to discriminate among speech sounds.
Fast ForWord
The Fast ForWord program is defined as a "computer software program
that has been designed to build skills that children with language-learning
impairment need for listening, speaking, and reading. The Fast ForWord
computer games incorporate acoustically modified speech in exercises to
improve language-decoding skills of children with language-learning
impairments through helping them to discriminate subtle sound differences.
The games are designed to train children with language impairments to process
sounds and words at increasing rates of presentation until they are able to
differentiate sounds and follow directions that are presented at the typical rate of
conversational speech" (Veale, 1999, p. 356). Fast ForWord "uses computer
games to train specific auditory or phonological skills that have been related to
the acquisition of speech and language" (Veale, 1999, p. 353).
Developed by Scientific learning Corporation, Fast ForWord is based in
neuroscience and claims to rewire or reorganize the brain by training children to
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distinguish between phonemes. Fast ForWord was designed "to aid children
who cannot process the sounds of language fast enough to comprehend normal
speech" (Greenwald, 1999, p. 52). The program relies on the fact that "the brain
identifies sounds by recognizing the most distinguishing characteristics of sound
- things like volume, pitch, duration of the sounds and intervals between
sounds" (Scientific Learning, 2000, p. 8). The scientists who developed Fast
ForWord, Dr. Paula Tallal and Dr. Michael Merzenich, believe "that a brain that
cannot recognize the differences between the sounds of 'gee' and 'k ey/ or 'zip'
and 'sip,' is different from a brain than can. They set about changing the brain so
that it recognizes such lightning-fast phonemes" (Begley, 2000). Therefore, Tallal
and Merzenich designed the Fast ForWord program based on the belief that the
underlying problem in children with language learning impairments is an
auditory processing problem.
Tallal and Merzenich have also found that children with language
learning impairments "can distinguish brief speech features and can correctly
reconstruct stimulus input sequences if stimuli are presented in slower forms or
at slower event rates" (Merzenich, Jenkins, et al., 1996, p. 271). The speech
stimuli in Fast ForWord are "modified to prolong the formant transitions in
consonants and, at the same time, amplify certain phonetic elements" (Gilliam,
1999, p. 365). "The stretching and amplification enhancement are varied in
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degree and intensity throughout the Fast ForWord training program, adapting to
the students current level of performance gradually moving speech sounds
closer and closer together until the student is training with more natural speech
acoustics" (Anderson, 2000, p. 17). The final goal is for the speech sounds to
occur as naturally as the sounds in their environment.
The speech stimuli in the Fast ForWord program are presented in seven
computer exercises: three sound exercises and four word exercises. The three
sound exercises are Circus Sequence, Old MacDonald's Flying Farm, and
Phoneme Identification. The four word exercises include Phonic Words, Phonic
Match, Block Commander, and Language Comprehension Builder. "The sound
exercises are composed of complex auditory information in a pre-word format
using different frequencies, time durations, and phonemes. The word exercises
are built around words presented either in isolation or within grammatically
complex sentences. The words and sentences used in these exercises have been
modified to expand and enhance the rapidly changing acoustic components of
normal speech" (Friel-Patti, Frome Loeb, et al., 2001 p. 197). The exercises are
designed for the child to recognize sounds first in isolation, then in groups of
sounds, in words, and lastly in sentences.
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All exercises in the Fast ForW'ord program target processing speed as well
as several other skills. Circus Sequence focuses on working memory and sound
sequencing ability. The child must identify and reproduce a two-tone sequence
of high and low pitch sounds. Old MacDonald's Flying Farm teaches the child to
distinguish changes in the initial phonemes in CV syllables. Phoneme
Identification and Phonic Match also train the child to discriminate phonemes, as
well as targeting working memory skills. In the Phoneme Identification exercise
the child listens to a target syllable followed by two subsequent productions.
The child then identifies the syllable that matches the target sound. Phonic Match
and Phonic Word are similar to Phoneme Identification except they teach
auditory recognition at the word level. Lastly, Language Comprehension
Builder and Block Commander teach the child listening comprehension and
syntax skills while working on memory skills. In these last two exercises, the
child must listen to phrases, sentences, and directions of increasing syntactic
complexity and respond accordingly to what they heard.
The sound exercises are composed of an adaptive algorithm, which uses a
"three-up, one-down rule" (Scientific Learning Corporation, 1999, p. 9). "The
participants progress to a higher level when they answer three consecutive trials
correctly. The children revert to a lower level if they answer one trial incorrectly.
The point of the adaptive algorithm is that the participants remain at a level
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where they correctly answer 80% of the time. This degree of success encourages
the children to maintain attention and continue the training" (Friel-Patti,
DesBarres, et al., 2001, p. 214). To encourage success and maintain attention, the
child is rewarded for correct responses by points, short songs, and extra
animations (Friel-Patti, Frome Loeb, et al., 2001 p. 197). Feedback is given
immediately following each response. If a child responds incorrectly, the correct
response is given before the next stimulus is presented.
"A s the child's performance improves, processing demands are
incrementally adjusted toward normal presentation" (Schopmeyer, Mellon, et al.,
2000, p. 96). With performance improvement the acoustically modified speech
gradually moves closer to natural or conversational speech. Once the child
reaches the highest level of each exercise, the child hears natural, unmodified
speech.
The Fast ForWord braining program is intense. The child completes five of
the seven games each day for a period of 20 minutes per game, 100 minutes per
day, five days a week. The five games presented are rotated each day to
continually stimulate the child and include the targeted language areas. The Fast
ForWord language intervention program is used in schools, hospitals, clinics,
and private practice facilities. A certified Fast ForWord provider introduces and
initiates the program to the child, as well as monitors and analyzes the child's
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progress to ensure successful completion. The program is intended to be
completed in four to eight weeks; this is dependent on the performance rate and
on task behavior of the child.
Given the short duration of the program, four to eight weeks, several
investigations have studied the effectiveness of Fast ForWord. The original pilot
study of Fast ForWord was first reported in the January' 1996 issue of Science.
One study used seven children and a second study tested twenty-two children;
all children had language-learning impairments. Results from initial studies
done in 1994 and 1995 showed rapidly improved language skills in the areas of
auditory processing speed, speech discrimination, phonemic and phonological
awareness, grammatical and syntactic comprehension, language comprehension
and additional receptive and expressive language skills (Scientific Learning, Inc.,
1999). "The results of the studies reported show that uncharacteristically rapid
growth (approximately 2 years) in receptive speech and language abilities can be
achieved by language learning impaired children over a training period of only 4
weeks" (Tallal, et al., 1996, p. 81).
In 1996, a National Field Trial, involving over 400 children at 35 different
sites across the United States and Canada, was conducted to further evaluate
whether Fast ForWord would be successful in real world settings. The results of
the National Field Trial showed similar results of the previous studies. "Each of

The mi cr og r a p h i c images on this fi l m are a c curate reproductions of records de li ve re d to Mo d e r n Information Sy st em s for microfilming and
we re fi l m e d in the regular course of business.
The photographic process meets standards of the A m e r i c a n National Standards Institute
(ANSI) for archival mi crofilm.
NOTICE:
If the filmed image above is less legible than this Notice, it is d u e to the qu al it y of the

document being filmed,

Operator's Signature

Date

27

the 35 sites reported conclusive validation of Fast ForWord's effectiveness. Of
the children who participated in the Field Trial, 90% achieved significant gains in
one or more of the tested areas. Most made statistically significant gains in
multiple tested areas, including improvements in auditory word discrimination,
the ability to follow spoken directions, listening and speaking fundamentals,
auditory processing speed, speech discrimination, language processing,
grammatical comprehension and overall language comprehension" (Scientific
Learning Inc., 1999, p. 5). This study concluded that significant gains in language
skills were made across a much larger and broader population of children.
Several other studies have shown similar results regarding the effectiveness of
Fast ForWord with children who are language learning impaired.
Currently, Fast ForWord has only been used with language learning
impaired children. Minimal research exists regarding the use of Fast ForWord
with children who hard of hearing. In 2000, researchers Schopmeyer, Mellon et
al„ demonstrated that children with both cochlear implants and language
learning impairments could perform the auditory perceptual and linguistic tasks
contained in tire program. The signal delivery was modified since the use of
headphones was not possible (Schopmeyer, Mellon, et al., 2000, p. 96). The
subjects involved in this study did show "consistent post-test benefit on 5
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standardized measures of language and auditory processing abilities"
(Schopmeyer, Mellon, et al., 2000, p. 98).
As a final point, "Fast ForWord training moves beyond addressing the
symptoms of language problems and attacks the root cause, which begins with
the ability to distinguish among phonemes. Fast ForWord helps students
achieve gains in phonemic awareness, semantics, syntax, grammar, listening
comprehension, working memory, and event sequencing" (Scientific Learning
Inc., 1999). "Fast ForWord provides children with more than 1,000 consistent,
structured, and incrementally modified auditory stimuli during each daily
session, a model that cannot be replicated in traditional intervention. Only
computer-based strategies can offer this density of auditory stimuli"
(Schopmeyer, Mellon, et al., 2000, p. 98).
People of all ages can benefit from computer-based auditory tr aining
regimens. In particular, children who are hard of hearing may greatly benefit
from the computer-based auditory discrimination activities, especially the
activities contained in the Fast ForWord computer program. Tye-Murray et al
(1990) found several advantages to computer-based auditory training they
believed "computerized auditory training activities offer a large number of
stimuli in a relatively short period of time, listening performance can be
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monitored on a daily basis, and demands on the clinician are reduced (p. 29).
The Fast ForWord program can offer all of the above as well as reward and keep
the attention of a child. In summary, the Fas'. ForWord program provides the
child with the necessary components of an auditory training regimen and seems
only appropriate to be used as such.
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CHAPTER HI
METHODOLOGY
The purpose of this study was to determine whether the Fast ForWord
program could be used as an auditoiy training tool for hard of hearing children.
This study focused on the ability of children with hearing impairments to
accurately discriminate between the stimuli presented in the program and at
what volume level could they perceive these differences. The information was
compared against the child's hearing level to provide further information as to
what volume level would be appropriate to use while playing these games based
on the child's hearing level.
Participants
The subjects were selected from the files of the UND Speech, Language
and Hearing Clinic and through a request sent out to parents by the Grand Forks
Public School District's audiologist Jane Humble, MS/CCC-A. The subject's
parents were contacted via the telephone by the experimenter. They were
informed of the purpose and nature of this investigation and were then asked if
they would be interested in having their child participate in this study.
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Subjects were required to have a sensorineural hearing loss. A
sensorineural hearing loss is defined as a permanent hearing loss caused by
damage to the sensory cells in the inner ear or damage to the cochlea (RoseberryMcKibbin & Hegde, 2000, p. 556). Children with a loss of less than 30 dB HL or
more than 70 dB HL were not included. A child with a loss of less than 30 dB HL
was considered to have a hearing level that is not severe enough to cause sound
discrimination errors of the type trained in the Fast ForWord games. A child
with a loss of more than 70 dB HL have a hearing loss that is too severe to
adequately hear the sounds presented in the games, even at a high volume level.
Therefore, these children were not included in this study.
There were eight participants in this study. The number of subjects
selected was due to the availability of children in the clinic files with a
sensorineural hearing loss within the age range appropriate for this program.
The parents' willingness to have their child participate in this study also limited
the number of subjects. The Fast ForWord games are most appropriate for
children between the ages of five to twelve. This study included children
between the ages of four and nine-years-old.
Instruments
A Grason Stadler Inc. model #61 audiometer that was calibrated to the
American National Standards Institute (ANSI) 1989 standards with TDH-50
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headphones mounted in MXAR-41 cushions was used to conduct the
audiometric testing. This testing occurred in an Industrial Acoustic Corporation
sound treated booth by local audiologists, Jane Humble, MS/ CCC-A and Dr.
Kevin Fire, Ph.D., CCC-A.
A compact disc containing Version ZO of the Fast ForWord Language
program was installed in a Sony VAIO model #PCG-FX120 laptop computer for
the child to complete the games contained in the program. The software
required a Pentium II PC compatible computer.
An Impulse Precision Sound Level Meter by Quest Electronics model #155
was used to determine the decibel output level of the headphones during the
games. The meter was set at linear with the filter off.
Procedure
Upon arrival for the study, the parent or guardian of the subject and, if
appropriate, the subject, read and signed the consent form. The experimenter
read the assent form to children who were under the age of eight years old to
obtain verbal assent. The child gave verbal assent to participate in the study, or if
they w ere able to write, they signed their name on the consent form.
The child's current audiometric results (within the past six months) were
obtained, by permission from the child's parents, from the files of the UND
Speech, Language and Hearing Clinic and from the Grand Forks School District's
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audiologist, Jane Humble, MS/CCC-A. Their hearing threshold was determined
using the Hugheson-Westlake Approach. The auditory threshold is the lowest
level the individual heard the signal a certain percent of the time; not die lowest
level the individual responded to.
The experimenter provided the child with verbal directions to complete
the games. The Fast ForWord program in demonstration mode can be played at
a preparatory, early, and late training level. These training levels pertain to the
degree of difference between the stimuli presented in the games that the subject
is to discriminate. The participants in this study listened to the stimuli at the
early training level, which is the easiest listening level. All demonstration games
were played through their entire duration, unless the child opted to quit. Each
game took 20 minutes to complete.
The experimenter recorded the score, as determined by the computer, for
each of the seven games. The child played the seven games contained in the
program at the intermediate volume level. The intermediate volume level is
comparable to the volume level of normal conversation. If the child scored at
least 100 points on a given game at a given volume level, it was judged that this
component of the training at that particular volume level was appropriate for a
participant with this individual's degree of hearing loss.
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If the child was able to reach the criterion level of 100 points for all seven
games at the intermediate volume level, they were finished with their
participation in the study. If the child stated that they were unable to hear the
games at the intermediate volume level, or if it was judged by the experimenter
that the child was unsuccessful at the intermediate volume level after five
minutes of playing each game, the volume level was turned up to high. A high
volume level is said to be approximately twice the volume level of conversational
speech.
The child listened to the games through Radio Shack Extreme headphones
and responded to the games by using the mouse attached to the computer. They
clicked on the appropriate symbol corresponding to their response on the
computer screen. The seven games were played in the following order: Old
MacDonald's Flying Farm, Block Commander, Circus Sequence, Phonic Match,
Phonic Word, Phoneme Identification, and Language Comprehension Builder.
All exercises in the Fast ForWord program target processing speed as well
as several other skills. Circus Sequence focuses on working memory and sound
sequencing ability. Old MacDonald's Flying Farm teaches the child to
distinguish changes in the initial phonemes in CV syllables. Phoneme
Identification and Phonic Match also train the child to discriminate phonemes, as
well as working memory skills. Phonic Match and Phonic Word are similar to
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Phoneme Identification except they teach auditory recognition at the word level.
Lastly, Language Comprehension Builder and Block Commander teach the child
listening comprehension and syntax skills while working on memory skills.
While playing Old MacDonald's Flying Farm the child used the computer
mouse to click on a cow. The cow repeats the sound "te". The child continued to
hold the computer mouse on the cow until the cow changed the sound to "de".
The child released the computer mouse when the sound changed.
During the game Block Commander the child was presented with a series
of instructions, such as "touch the green circle" or "put tire white square beside
the red circle". The child used the computer mouse to complete these tasks.
In Circus Sequence the child heard a two-tone sequence of high and low
pitch sounds. The child tried to match the two-tone sequence by clicking on the
up arrow when they heard the high tone or the down arrow when they heard the
low tone. The two-tone sequence varied from high-high, high-low, low-low, and
low-high.
The Phonic Match game required the child to click on a variety of squares
to find the sounds that matched each other. If the child clicked on the square and
heard "ka", they continued to click on the other squares until they found the
matching "ka" sound. Once the child found the matching sound, they returned
to the original sound and clicked on it The two squares then disappeared. The
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child continued this matching process throughout the twenty-minute duration of
the game.
While playing the Phonic Word game the child was presented with two
pictures of words that differed by only one sound, for example fuzz or fudge,
wake or rake, saws or sauce, bath or bass. The child used the computer mouse to
click on the picture corresponding to the word they heard.
In the Phoneme Identification game, the child heard an animal say "aba".
The computer screen then changed pictures and the child saw two animals. One
animal said "aba" and another animal said "ada." The presentation of "aba" and
"ada" varied in order. The child clicked on the animal that matched the sound
heard initially.
In the final game, Language Comprehension Builder, the child was
presented with two to four pictures and was instructed to point to one of the
pictures. For example, two pictures of a boy are presented; one boy is drinking
and in the other picture a boy is eating. The game instructed the child to "point
to drink." The child used the computer mouse to click on the picture that
corresponded with the directions.
The decibel sound pressure level (dB SPL) of each game at the
inteimediate and high volume level was determined through the use of an
Impulse Precision Sound Level Meter by Quest Electronics model #155. "This
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provides precise measurement and analysis of sound in both laboratory and field
use. The 155 Meter is designed to meet or exceed ANSI Standard Sl.4-1971 type
1, and IEC Publication 651-1979 type 1 (Impulse). The meter on its own has a
dynamic range from 27 to 130 dB and has an expanded linear scale which covers
a 30 dB range for ease of readability" (Model 155 manual). The stimulus
duration in the games Old MacDonald's Flying Farm, Circus Sequence, Phonic
Match, and Phoneme Identification were approximately one half of a second to
one second; therefore the dB SPL was measured with the meter set to record the
peak impulse of sound pressure. In the games Phonic Word, Block Commander,
and Language Comprehension Builder, the stimulus duration varied from two to
five seconds; therefore the dB SPL was measured with a fast sampling interval.
Table 1 displays the sound output level in dB SPL for each game at tire
intermediate and high volume level.
Data Analysis
Descriptive statistics were used for this investigation.

Participants were

categorized by their severity of hearing loss based on their pure tone average.
The descriptive analysis included an assessment of whether individuals with
varying degrees of hearing loss were able to successfully complete the training
modules contained in the Fast ForWord program. The outcome variable of
interest was the score on the individual training modules and whether the child
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was able to complete the training modules at an intermediate or high volume
level. The scores were then compared with the category of the child's hearing
impairment

Table 1. The sound output level of each game in dB 3PL obtained through an
Impulse Precision Sound Level Meter
Game

Intermediate Volume
Level
94

High Volume
Level
98

Circus Sequence

88

92

Phonic Match

89

93

Phoneme Identification

88

95

Phonic Word

84

88

Block Commander

80

84

Language Comprehension Builder

82

85

Old MacDonald's Flying Farm
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CHAPTER IV
RESULTS & DISCUSSION
Eight subjects, between the ages of four and nine, participated in the
study. The children's hearing threshold levels were used to determine their pure
tone averages (PTA); this is defined as the arithmetic mean of the child's hearing
sensitivity at 500 Hz, 1000 Hz, arid 2000 Hz. See Appendix A for individual
audiograms.
Subject A, a nine-year-old girl, had a PTA of 65 dB HL in the right ear and
53.3 dB HL in the left ear. Subject B, a nine-year-old girl, had a PTA of 31.7 dB
H L in the right ear and 36.7 dB HL in the left ear. Subject C, a nine-year-old boy,
had a PTA of 35 dB HL in the right ear and 36.7 dB HL in the left ear. Subject D,
a nine-year-old boy, had a PTA of 68.3 dB HL in the right ear and 73.3 dB HL in
the left ear. Subject E, a five-year-old boy, had a PTA of 56.7 dB HL in the right
ear and 53.3 dB HL in the left ear. Subject F, a six-year-old boy with a cochlear
implant, listened to the games with nis cochlear implant on, therefore, no
audiometric results was obtained. In a report obtained from the files of the UND
Speech, Language, and Hearing Clinic, subject F was able to respond to warble
tones across frequencies from 250 Hz to 6000 Hz and to speech at 30 to 40 dB HL.
He listened to the games through speakers. Subject G, a six-year-old girl, had a
39
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PTA of 71.7 dB HL in the right ear and 71.7 dB HL in the left ear. Subject H, a
four-year-old girl, had a PTA of 56.7 dB HL in the right ear and 53.3 dB HL in the
left ear. For subjects G and H, English is their second language. It appeared that
these children had limited English skills, as it was difficult for them to
understand the directions for each game and some of the vocabulary used in the
games. Their results should be interpreted with this in mind. Table 2 displays
the pure tone averages for each child.
Table 2. Pure Tone Averages in dB HL for each subject & category of hearing
impairment
Subject
A
B
C
D
E
F
G
H

Right Ear
65
31.7
35
68.3
56.7

Left Ear
53.3
36.7
36.7
73.3
53.3

71.7
56.7

71.7
53.3

Category of Hearing Impairment
moderate to moderately severe
moderate to moderately severe
moderate to moderately severe
moderately severe to severe
moderate to moderately severe
severe to profound
moderately severe to severe
moderate to moderately severe

Every participant attempted to play all seven games contained in the Fast
ForWord program. The experimenter recorded the scores for each game.
Initially, all games were attempted at an intermediate volume level. If it
appeared the child was having difficulty hearing the speech signal in the games
or, if the child stated they could not hear the sound, the volume was increased to
a high level. The duration of each game (20 minutes) and the language skills
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required for some of the games resulted in the younger participants becoming
frustrated, and thus opting to quit that game. Their scores were recorded up to
the point of termination. The criterion score of 100 points for each game was met
unless the child opted to quit the game before they had reached the criterion.
Subjects A, B, and C were able to respond to all games at the intermediate
volume level. Subjects D, E, F, G, and H were not able to complete all games at
the intermediate volume level. However, they were able to complete some of the
games at an intermediate volume level and others at a high volume level. See
Appendix B for a complete record of the participant's scores at both volume
levels. Discussion and results for each individual for all seven games are as
follows:
Old MacDonald's Flying Farm
Subjects A, B, C, and D were able to perceive the sound discrimination
tasks in Old MacDonald's Flying Farm at the intermediate volume level. While
subject G appears on Figure 1, it should be noted that she completed this game at
the high volume level, because she was unable to reach the criterion score of 100
points at the intermediate volume level. This indicates that children with a
moderate to severe hearing loss can successfully complete the sound
discrimination tasks in Old MacDonald's Flying Farm at the intermediate and
high volume level. Although subject E, F, and H have similar hearing thresholds
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to the above subjects, these children could not perceive the sound differences in
this game at the intermediate or high volume level and asked to quit; therefore
no results were obtained. Additionally, subjects E, F, and H were under the age
of six and it is believed their young age and ability to maintain attention
impacted their ability to accurately perceive the sound differences. Old
MacDonald's Flying Farm could be used as part of an auditory training regimen
for children with a moderately severe hearing loss, however, it is suggested the
child be at least seven or eight years old. At that age, the child should be able to
sit through this game and listen for the sound differences. Figure 1 displays the
scores for each child at the intermediate and high volume levels.
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Figure 1. Individual scores for the Old MacDonald's Flying Farm game when
presented at the intermediate and high volume levels
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Block Commander
As shown in Figure 2, subjects A, B, and C met the criterion score of 100
points and heard the commands of Block Commander at the intermediate
volume level. Subject H was able to hear the commands at this level, however,
her limited English skills reduced her ability to complete this game, and she quit
half w ay through the game. This indicates that children with a moderate to
moderately severe hearing loss and children with English as a first language can
successfully complete the tasks contained in this game at the intermediate
volume level. Subjects D and E responded best to this game at the high level as
there hearing sensitivity was greater than subjects A, B, C, and H. It appeared
subject D's hearing level, which is moderately severe to severe, impacted his
ability to accurately perceive the commands of this game. It was also noted that
the language tasks of this game were too difficult for subject E; this may be due
to his young age of five. Subject F, who has a cochlear implant, had difficulty
discriminating the acoustically modified speech through the speakers, and
therefore opted to quit the game. Even though subject G had a similar hearing
sensitivity as the subjects that completed Block Commander at the intermediate
volume level, she was unable to obtain any points at the high volume level. She
chose to quit after ten minutes with a score of zero. As stated previously, her
English skills are limited, and it is believed that her language skills impacted her
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results on this game and not her degree of hearing loss. Because this game
contains several language tasks, it is recommended that if a child who is hard of
hearing plays this game, they should be a native English speaker. It may also be
appropriate to probe the child's ability to identify colors, shapes, and concepts
before playing this game. This game may be appropriate to use with this
population as a strategy to improve their language skills; however, most children
expressed that the speech in this game was difficult to understand due to its
acoustically modified nature. Figure 2 displays the scores for each child at the
intermediate and high volume level.

Figure 2. Individual scores for the Block Commander game when presented at
the intermediate and high volume levels
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Circus Sequence
A11 subjects were able to hear the tones in Circus Sequence at the
intermediate volume level. This demonstrates that children with a hearing loss
ranging from moderate to severe can successfully perceive the sound stimuli and
tone changes contained in Circus Sequence. The results obtained from the
younger subjects (E, F, G, and H) should be interpreted with caution, as these
children needed to be reminded several times that the up arrow corresponded
with the high tone and the down arrow corresponded with the low tone. In
several instances it appeared they were just clicking on the mouse and not
making a meaningful choice while playing the game. Figure 3 presents the
subject7s scores for this game.
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Figure 3. Individual scores for the Circus Sequence game when presented at the
intermediate and high volume levels
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Phonic Match
At the intermediate volume level, subjects A, B, C, and D were able to
perceive the phoneme differences in the Phonic Match game and meet the
criterion score of 100 points. These children's hearing threshold's ranged from
moderate to severe. This shows that children of this hearing level and age can be
successful at completing this game at the intermediate volume level. Subjects E,
F, and G, who are the younger participants, listened to the games at the high
volume level. Their scores were not quite as high as the older subjects. Subject F
and G quit half way through this game because they were presented with several
pictures to match the sound to, and therefore found this task difficult. There
were no results for subject H, as she found this game to be difficult and quit
before any points were accumulated. It appears that the reason these children
could not complete the game is due to their young age and not their auditory
sensitivity. It is believed that Phonic Match would be an appropriate game to
use as an auditory training task for children with a moderately severe hearing
loss who are above the age of eight or nine years. Figure 4 displays the
individual scores for this game.
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Figure 4. Individual scores for the Phonic Match game when presented at the
intermediate and high volume levels

Phonic Word
Subjects A, B, C, E, and H heard the word discrimination tasks contained
in the game Phonic Match at the intermediate volume level. All of these children
have a hearing threshold in the moderate to moderately severe range. While
subjects F and G were unable to meet the criterion score of 100 points at the
intermediate level, they showed success in their ability to perceive word
differences at the high volume level in the Phonic Word game. Subject F quit
half w ay through the game, before the criterion score of 100 points was achieved.
It is believed he would have reached the criterion score if he had completed the
game. Subject D, who has a moderately severe to severe hearing loss, was able to
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complete the Phonic Word game at the high volume level and meet the criterion
score. Because of the severity of his hearing loss, it appears that the speech
stimuli in this game were difficult for him to discriminate. Once again, the
younger subjects performed at a lower level than the four 9-year-old children
even though their hearing thresholds are in the same category as the subjects that
were able to complete Phonic Word at the intermediate volume level. It appears
their age, rather than their hearing level, influenced their ability to complete the
game. Phonic Word also appears to be a useful tool to use as an intervention
strategy for children, above the age of .ig*>t or nine, with a moderately severe
hearing loss. Figure 5 displays the participant's scores on the Phonic Word
game.
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Figure 5. Individual scores for the Phonic Word game when presented at the
intermediate and high volume levels
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Phoneme Identification
As shown in Figure 6, subjects A, B, C, D, and H were able to identify the
phoneme discrimination task in this game. They completed Phoneme
Identification at the intermediate volume level. While subjects E, F, and G have
similar hearing sensitivity levels as the previously mentioned subjects, they were
able to perceive the sound discrimination tasks of this game at the high volume
level. It should also be noted that even though subjects G and H have limited
English skills, they were able to meet the criterion score of 100 points because
this game only required matching similar sounds. Subject F, the child with the
cochlear implant, quit the game half way through. However, he did meet the
criterion score of at least 100 points. As found in other games, it is believed the
scores for subjects E, F, G, and H are lower due to their age and not their hearing
level. Due to the fact that all eight subjects had success with this game, Phoneme
Identification appears to be an appropriate sound discrimination task for most
children who have a moderately severe hearing loss. Figure 6 illustrates
individual scores for the Phoneme Identification game.
Language Comprehension Builder
During the Language Comprehension Builder game, subjects A, B, C, and
E listened at the intermediate volume level. All of these children had hearing
losses ranging in the moderate to moderately severe category. Subject H was
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able to hear the sentences spoken at the intermediate volume level, however due
to her limited English language skills she chose to quit this game before any
points could be achieved. Subjects D, F, and G played the Language
Comprehension Builder game at the high volume level. As in the other language
oriented games, Block Commander and Phonic Word, subject D, who has a
moderately severe to severe hearing loss, had difficult perceiving the sound
differences in Language Comprehension Builder because the speech was
acoustically modified. Subject F, the child with the cochlear implant, quit
playing at approximately half way through the game, however, he did reach the
criterion score of 100 points. It is believed that the Language Comprehension
Builder game would be appropriate to use as auditory training tool for children
with a cochlear implant and children with a loss no greater than moderately
severe. It appears that a child with a loss any greater than this will have
difficulty perceiving the speech stimuli of this game. Figure 7 presents a
summary of the individual scores for this game.
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Subject
Figure 6. Individual scores for the Phoneme Identification game when presented
at the intermediate and high volume levels
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Figure 7. Individual scores for the Language Comprehension Builder game when
presented at the intermediate and high volume levels
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CHAPTER V
SUMMARY & CONCLUSIONS
The purpose of this investigation was to evaluate whether children with a
hearing loss could hear the sound differences in the seven games that comprise
the Fast ForWord program, and then determine if this program would be
appropriate to use as an auditory training tool for this population. Eight
children, between the ages of four and nine, with hearing losses ranging from
moderate to moderately severe to severe participated in this study.
All eight children attempted to play the seven games of the Fast ForWord
program. While playing Old MacDonald's Flying Farm, a game containing only
sound discrimination tasks, four of the eight children, who were all nine years
old, were able to reach the criterion score of at least 100 points at the
intermediate volume level. The four other subjects, who were between the ages
of four and six, had difficulty perceiving the sound differences in Old
MacDonald's Flying Farm. Only one of the younger children was able to meet
the criterion score, and this was done at the high volume level. The remaining
three younger children obtained a score of zero, as they found this task too
difficult. It is believed that age, rather than auditory sensitivity, impacted the
results for this game.
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Four of the subjects were able to perceive the sound commands at the
intermediate volume level in the language intense game Block Commander.
Only three out of those four were able to reach the criterion score. The
remaining four subjects played this game at the high level. Out of those four
children only two achieved scores above 100 points, while the other two children
quit playing Block Commander before any score could be achieved.
AH eight subjects were able to match the tone sequences in the game
Circus Sequence at the intermediate volume level. This game would be
appropriate to use to train children to differentiate between tonal patterns.
Five children played the Phonic Match game at the intermediate volume
level. Four of those five children were able to surpass tire criterion score, while
the other child, who was only four years old, found this game to be difficult and
opted to quit before any score could be recorded. Two the three remaining
children were able to obtain a score greater than 100 points and the other child
quit before he reached the criterion score. Once again, it appeared that age was a
factor in whether the child was able to complete the Phonic Match game or not.
All eight children were able to reach the criterion score of at least 100
points while playing the games Phonic Word and Phoneme Identification. For
these two games, five children played at the intermediate volume level and three
children played the games at the high volume level. The Phonic Word game and
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Phoneme Identification game provide nice auditory discrimination tasks at the
syllable and word level, and appears to be most appropriate to use with children
who have a hearing loss no greater than moderately severe. However, one child
in this study had a moderately severe to severe hearing loss. He had great
success with the Phonic Word game at the high volume level and with tire
Phoneme Identification game at the intermediate volume level.
Language Comprehension Builder, another language intense game,
appears to be appropriate to use with this population. Five children could
perceive the game stimuli at the intermediate volume level. However one of
those children quit this game before any points were achieved. Her age and
limited English skills impacted her ability fc be successful while playing this
game. The other four children that could hear the game at the intermediate
volume level went above and beyond the criterion score of 100 points. The
remaining three children reached the criterion score at the high volume level. It
is also believed that this game could be used to increase the language skills in
children who speak English as a second language.
While the results indicate that children who are hard of hearing can
perceive the sound differences in the seven games at an intermediate and high
volume level, there are several factors and limitations of this study to consider
when assessing this data.
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First, the child's ability to stay on task influenced their score. The
performance scores were higher for the four nine-year-old children, as they were
able to maintain attention for longer periods of time. Even though the younger
participants were able to hear the sound differences and meet the criterion score
of 100 points, their attention span was limited to about ten minutes per game.
Their scores would have been higher if they had played all games through their
entirety. If Fast ForWord were to be used as an auditory training program, it is
recommended that the children be at least seven or eight-years-old.
Another factor that had an effect on the score for each individual was the
speed at which they played each game. Some children were quick in their
responses, which resulted in a much higher score. Other children progressed
through the games at a much slower pace, resulting in a lower score.
Third, language skills of each child also played a role in their ability to
accurately complete several of the games, in particular the games Block
Commander and Language Comprehension Builder. If a child is deficient in
their ability to identify shapes, colors, and understand concepts (i.e., next to,
beside, on top), verb forms, plural forms, and emotions, they may struggle
through these two games. This was evidenced in the four young children and
specifically with the two children whose native language was Spanish; it
appeared their English skills were still eme-ging, and thus not at the level of a
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typical developing four and six-year-old child. In addition to these games,
Phonic Words also requires knowledge of a variety of vocabulary words. It was
noted during this game that some of the younger children were unfamiliar with
the following words: chief, bass, vase, tack, fudge, peach, and path. For children
with English as a second language, the games that contain only sound
discrimination tasks, such as Old MacDonald's Flying Farm, Circus Sequence,
Phonic Match, and Phoneme Identification, may be appropriate to use with this
population. If, however, a clinician would like to improve the child's language
skills, then Block Commander, Phonic Word, and Language Comprehension
Builder would be appropriate games to use.
The volume level at which the games are played may also impact
individual scores. Some children with moderate to moderately severe to severe
hearing losses could hear the games at the intermediate volume level, while
others with a similar hearing loss needed the games presented at the high
volume level. This was found in subjects D, E, F, and G. The appropriate
volume level should be determined on an individual basis and may vary from
computer to computer.
As another point, the training level at which this population plays the
demonstration games may also affect their results. In this study, the children
listened to the games at the early training level. The early training level presents
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the information at a manageable pace and with acoustically modified speech.
This level was appropriate for the games Old MacDonald's Flying Farm, Circus
Sequence, and Phoneme Identification. Flowever, several children stated that it
was difficult to understand some of the speech tasks contained in the other four
games: Block Commander, Phonic Match, Phonic Words, and Language
Comprehension Builder. For these four games, it is recommended that they be
played at the late training level because the speech is more natural and
unmodified. If this study were to be duplicated, or if the demonstration version
of Fast ForWord were to be used as an auditory training tool, the late training
level for the latter games may be more appropriate for children who are hard of
hearing as it is very similar to conversational speech. Otherwise, the clinical
version of the Fast ForWord program moves the child quickly from the
acoustically modified speech to a more natural, conversational speech.
Lastly, the small number of subjects also impacts the reliability of this
study. A greater number of subjects within each category of hearing impairment
would provide more consistent data and would allow for more generalization.
Further research is needed for expansion of the present findings. If Fast
ForWord were to be used as an auditory training program, it is recommended
that children be at least seven-years-old, have a hearing loss no greater than
moderately severe, and be native English speakers. Since we now know that
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children who are hard of hearing can perceive the sound discrimination tasks
contained in Fast ForWord, additional research may want to investigate whether
Fast ForWord would be an appropriate training regimen to improve language
skills in children who are hard of hearing or with children who use English as a
second language. We have much to learn about the effectiveness of the Fast
ForWord program as an auditory training tool and whether it can improve tire
language skills of children who are hard of hearing.
The evidence presented here suggests that the Fast ForWord program
would be an appropriate auditory training tool for children who are hard of
hearing. Like other auditory training programs, Fast ForWord contains sound
discrimination tasks at the syllable level, word level, and sentence level. The
speech stimuli in the program progress from an acoustically modified speech to
unmodified speech similar to that of conversational speech. Fast ForWord offers
a large number of consistent and structured speech stimuli, and can also reduce
the demands of the clinician. Children who are hard of hearing can greatly
benefit from the computer-based auditory discrimination activities contained in
the Fast ForWord computer program; the games are fun, rew arding and age
appropriate for children. In summary, the Fast ForWord program provides the
child with the necessary components of an auditory training regimen and this
study suggests that it can be used as such.
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Subject E
Frequency in Hertz (Hz)
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APPENDIX B

Fast ForWord Games

Subject A Subject B Subject C Subject D
Score

Score

Score

Score

566

INTERMEDIATE VOLUME LEVEL
Old MacDonald's Flying Farm

428

558

462

Block Commander

208

444

Circus Sequence
Phonic Match

604
240

666
400

390
662

674

326

249

Phonic Word

410
267

480

540

Phoneme Identification

371

455

Language Comprehension Builder

612

734

768

288

HIGH VOLUME LEVEL
Old MacDonald's Flying Farm
Block Commander

114

Circus Sequence
Phonic Match
Phonic Word

385

Phoneme Identification
Language Comprehension Builder

390

* Indicates the child quit this game
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Fast ForWord Games

Subject E Subject F Subject G Subject H
Score
Score
Score
Score

INTERMEDIATE VOLUME LEVEL
Old MacDonald's Flying Farm

0*

Block Commander

42*

Circus Sequence

212

218

248

Phonic Match
Phonic Word

0*
325

285

280

261
0*

Phoneme Identification
Language Comprehension Builder
HIGH VOLUME LEVEL
Old MacDonald's Flying Farm

0*

0*

224

Block Commander

138

0*

0*

188

89*

114*

180*

360

129*

221

152*

298

Circus Sequence
Phonic Match
Phonic Word
Phoneme Identification
Language Comprehension Builder
* Indicates the child quit this game

108

224
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